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Abstract 



Problem 



To provide a type of gamma correction circuit that can generate largest number of 
adjustable driving reference voltages using the least number of voltage sources. 

Means to solve 

An adjustable bias gamma correcting circuit having a central symmetric voltage is 
disclosed. According to the present invention, by providing varistors, transistors or op-amps in 
the gamma correction circuit, it is possible to obtain plural positive and negative driving voltages 
symmetric to a central voltage as a reference. According to the present invention, the gamma 
correction circuit can generate a maximum number of adjustable driving voltages using a 
minimum number of voltage sources. 
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Claim 

An adjustable bias gamma correcting circuit characterized by the following facts: the 
adjustable bias gamma correcting circuit is for generating plural positive and negative driving 
voltages with reference to a central voltage; in this adjustable bias gamma correcting circuit, 

there are plural symmetrically divided voltage units; in each of the symmetrically divided 
voltage units, a first resistor having a certain resistance, a varistor, and a second resistor having 
said resistance are connected in series between a first input terminal and a second input terminal; 
a first terminal of said varistor is connected to the input terminal of a first buffer; a second 
terminal of said varistor is connected to the input terminal of a second buffer; the output terminal 
of said first buffer and the output terminal of said second buffer generate said positive driving 
voltage and said negative driving voltage as a pair, respectively; the output of said first buffer 
and the output of said second buffer of each said symmetrically divided voltage unit are 
connected to a first input terminal and a second input terminal of a next-section symmetrically 
divided voltage unit, respectively; and said first input terminal and said second input terminal of 
said first symmetrically divided voltage unit are connected to a first voltage source and a second 
voltage source, respectively. 

Detailed explanation of the invention 
[0001] 

The present invention pertains to a type of gamma correction circuit. More specifically, 
the present invention pertains to a type of gamma correction circuit using varistors, transistors 
and op-amps to obtain an adjustable bias gamma correcting circuit having a central symmetric 
voltage. 

[0002] 

In an active matrix liquid crystal display (AM-LCD) system, as shown in Figure 1, the 
characteristic curve illustrating the relationship between the transmissivity of a liquid crystal and 
the applied voltage is a nonlinear curve. As shown in Figure 2, in order to give the optimum 
visual effect, a linear characteristic relationship should exist between the transmissivity of a 
liquid crystal and the code number, that is, a special relationship curve should exist between 
them. For this purpose, the relationship between the driving voltage and the code number should 
be determined. As shown in Figure 3, the curve that maps all code numbers to prescribed driving 
voltages is called a gamma curve. 
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[0003] 

For an AM-LCD system, the principal function of the gamma correction circuit is to take 
the gamma curve as a reference for converting the code number to the corresponding driving 
voltage, and then to apply the driving voltage on the liquid crystal of the AM-LCD system. By 
means of the gamma curve, it is possible to adjust the luminance, gradation, contrast, and color 
of the LCD. Consequently, the gamma curve determined by the gamma correction circuit is 
extremely important for the color quality of an LCD. 

[0004] 

Usually, the larger the number of reference driving voltages applied from the gamma 
correction circuit, the smaller the error in approximating the gamma curve. In order to satisfy the 
requirement for high color quality of a display, there should be 256 code numbers for 8-bit data. 
Here, the meaning of the 256 code numbers is that the display can reveal 256 tones of gradation. 
It is preferred that 256 reference voltage sources be given by the adjusting circuit. However, this 
is impossible. In addition, because a nematic liquid crystal has AC driving characteristics, 512 
driving voltages should be applied on the gamma correction circuit, including 256 positive 
reference voltages and 256 negative reference voltages. Figure 4 is a diagram illustrating a 
gamma correction circuit of the prior art. Here, two voltages (V n , V n _i) are applied on plural 
resistors (Ri-R n ) connected in series. By adjusting the resistances, it is possible to obtain driving 
voltages (V r i-VR m _i) between the two voltages (V n , V n -i) at the various nodes, respectively. As 
shown in Figure 1 [sic; 4], the nodes are connected to buffers, and the outputs of the buffers 
become the driving voltages. As a result, by using the divided voltage of resistors connected in 
series, it is possible to decrease the input voltage. 

[0005] 

As shown in Figure 5, in an AC driver, plural symmetric resistors (R]-R m ) connected in 
series are connected to two input reference voltage terminals (V cc , Vend), and the open terminals 
of the two resistors (Rm) are connected to each other to form a central voltage node. In this way, 
the gamma correction circuit has a central voltage ((V cc + Vcnd)/2) and symmetric driving 
voltages (+Vi, -Vi, +V2, -V2 to +V m .i, -V m .]) with reference to the central voltage. In the gamma 
correction circuit of the prior art, it is rather easy to obtain the driving voltages. However, if one 
of the resistors connected in series is changed, all of the driving voltages are affected. 
Consequently, it is rather difficult to obtain symmetric driving voltages and a central voltage in 
that adjustment is required. In addition, for asymmetric driving voltages, image flickering takes 
place, and the image quality deteriorates. 
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[0006] 

In order to satisfy the requirement for high color quality of the display, an accurate 
gamma curve should be obtained. In order to approximate the gamma curve, it is necessary to 
increase the number of driving reference voltages. Consequently, there is a demand for 
development of a gamma correction circuit that can generate a maximum number of adjustable 
driving reference voltages while using a minimum number of voltage sources. 

[0007] 

Consequently, the objective of the present invention is to provide an adjustable bias 
gamma correcting circuit having a central symmetric voltage. According to the present invention, 
by providing varistors, transistors or op-amps in the gamma correction circuit, it is possible to 
obtain plural positive and negative symmetric driving voltages. 

[0008] 

Another objective of the present invention is to provide an adjustable bias gamma 
correcting circuit having a central symmetric voltage. By means of the present invention, it is 
possible to generate a maximum number of adjustable driving voltages with a minimum number 
of voltage sources. 

[0009] 

In all aspects of the present invention, the present invention provides an adjustable bias 
gamma correcting circuit characterized by the following facts: in this adjustable bias gamma 
correcting circuit, there are plural symmetrically divided voltage units; in each of the 
symmetrically divided voltage units, a first resistor, a resistance controller, and a second resistor 
are connected in series between a first input terminal and a second input terminal; a first terminal 
of said resistance controller is connected to the input terminal of a first buffer; a second terminal 
of said resistance controller is connected to the input terminal of a second buffer; the output 
terminal of said first buffer and the output terminal of said second buffer generate a positive 
driving voltage and a negative driving voltage as a pair, respectively; the output of said first 
buffer and the output of said second buffer of each said symmetrically divided voltage unit that 
are connected to the first voltage and the second voltage are connected to a first input terminal 
and a second input terminal of the next-section symmetrically divided voltage unit, respectively. 

[0010] 

Also, in all aspects of the present invention, the present invention provides an adjustable 
bias gamma correcting circuit characterized by the following facts: the adjustable bias gamma 



6 



correcting circuit has plural symmetrically divided voltage units; and each of said symmetrically 
divided voltage units has the following parts: a varistor having a drawing terminal connected 
between an input terminal and a first voltage, a first amplifier having a drawing terminal 
connected to its own positive input terminal and a negative input terminal connected to its own 
output terminal, a second amplifier having a first resistor connected between the negative input 
terminal of the first amplifier and its own negative input terminal and a second resistor connected 
between its own negative input terminal and an output terminal, and a central voltage connected 
to the positive input terminal of the second amplifier for generating a pair of driving voltages, 
that is, a positive driving voltage and a negative driving voltage from the outputs of the first and 
second amplifiers, respectively. The output of the first amplifier of each symmetrically divided 
voltage unit is connected to the next-section input terminal, and the first input terminal is 
connected to the second voltage. 

[0011] 

The aforementioned aspects of the present invention as well as their effects will be 
explained in detail with reference to annexed figures so that they can be easily and more clearly 
understood. 

[0012] 

Figure 6 is a schematic diagram illustrating a gamma correction circuit in Application 
Example 1 of the present invention. In the following, an explanation will be given regarding the 
connection configuration of the gamma correction circuit. 

[0013] 

The gamma correction circuit comprises plural symmetrically divided voltage units (10). 
In first symmetrically divided voltage unit (10), resistor Rj, varistor VRi, and resistor Ri are 
connected in series between two input terminals connected to voltage sources (V cc , Vend). Two 
buffers (20), (30) are connected to the two ends of varistor VRi, respectively, and a voltage is 
output from the two terminals of varistor VRi . In addition, two output terminals of the 
preceding-section buffer are connected to the input terminals of the next-section symmetrically 
divided voltage unit. In this way, the gamma correction circuit in Application Example 1 has first 
symmetrically divided voltage unit (10), second symmetrically divided voltage unit, ... and Nth 
symmetrically divided voltage unit. 
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[0014] 

As shown in Figure 6, it is clear that the central voltage of this gamma correction circuit 
is (V cc +VGnd)/2. For said first symmetrically divided voltage unit (10), because the two resistors 
have the same resistance, the outputs of two buffers (20), (30) represented as +Vi (positive 
driving voltage) and -Vi (negative driving voltage) are symmetric with reference to the central 
voltage for any adjustment of varistor VR]. Similarly, as explained above, the other 
symmetrically divided voltage units can generate symmetric sequentially decreased positive 
driving voltages (+V 2 to +V N ) and sequentially increased negative driving voltages (-V 2 to -V N ). 
By adjusting the resistances of the varistors of said symmetrically divided voltage units, it is 
possible to calibrate all of the positive driving voltages (+V 2 to +Vn) and the negative driving 
voltages (-V2 to -Vn). Also, each pair of positive driving voltage and negative driving voltage is 
symmetric with reference to the central voltage. In addition, even if the varistor is adjusted, a 
shift in the central voltage does not occur. In addition, by increasing the number of 
symmetrically divided voltage units, the driving voltage of the gamma correction circuit can 
approach the gamma curve. 

[0015] 

Figure 7 is a schematic diagram illustrating a gamma correction circuit in Application 
Example 2 of the present invention. In the following, an explanation will be given regarding the 
connection configuration of this gamma correction circuit. 

[0016] 

The gamma correction circuit comprises plural symmetrically divided voltage units (40). 
First symmetrically divided voltage unit (40) has resistor Ri, the source and drain of field effect 
transistor (FET) Ti and resistor R\ connected in series between two input terminals connected to 
voltage sources (V cc , V Gn d) 5 respectively. Two buffers (50,60) are connected to the source and 
drain of FET (Ti) respectively and a voltage is output from the source terminal and drain 
terminal. The two input terminals of the next-section symmetrically divided voltage unit are 
connected to the two output terminals of the preceding-section buffer. In this way, the gamma 
correction circuit of Application Example 2 of the present invention has first symmetrically 
divided voltage unit (40), second symmetrically divided voltage unit,... and Nth symmetrically 
divided voltage unit, as a completed circuit. 

[0017] 

As shown in Figure 7, the FET in each said symmetrically divided voltage unit can be 
handled as a unit having an internal resistance between its source terminal and drain terminal, 
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and the internal resistance can be controlled by adjusting the gate voltage of the FET. Just as in 
Application Example 1 , all of the symmetrically divided voltage units can generate symmetric 
sequentially decreased positive driving voltages (+Vi to +Vn) and sequentially increased 
negative driving voltages (-Vi to -V N ). By adjusting the gate voltage, an adjusted internal 
resistance is obtained, and therefore it is possible to calibrate all of the positive driving voltages 
(+Vi to +Vn) and negative driving voltages (-Vi to -Vn). Also, each pair of positive driving 
voltage and negative driving voltage are symmetric with reference to the central voltage. 

[0018] 

Figure 8 is a schematic diagram illustrating a gamma correction circuit in Application 
Example 3 of the present invention. In the following, an explanation will be given regarding the 
connection configuration of this gamma correction circuit. 

[0019] 

The gamma correction circuit comprises plural symmetrically divided voltage units (70). 
All of said symmetrically divided voltage units (70) have the same connection constitution of a 
varistor with a drawing terminal, two resistors having the same resistance, and two op-amps. The 
varistor VRj of first symmetrically divided voltage unit (70) is connected between input 
terminals connected to voltage sources (V cc , V Gn d). The positive input terminal of first op-amp 
(80) is connected to the drawing terminal of varistor VRi , and the negative input terminal is 
connected to the output terminal of first op-amp (80). Central voltage V CO m is connected to the 
positive input terminal of second op-amp (90), resistor Ri is connected between the two negative 
input terminals of first op-amp (80) and second op-amp (90), and the other resistor Rj is 
connected between the negative input terminal and the output terminal of second op-amp (90). In 
addition, the input terminal of the next-section symmetrically divided voltage unit is connected 
to the output terminal of the first op-amp of the preceding section. In this way, the gamma 
correction circuit in Application Example 3 of the present invention comprises first 
symmetrically divided voltage unit (70), second symmetrically divided voltage unit,... and Nth 
symmetrically divided voltage unit, as a complete circuit. 

[0020] 

As shown in Figure 8, it is clear that this gamma correction circuit has a central voltage 
of Vcom- In said first symmetrically divided voltage unit (70), because the two resistors have the 
same resistance, for any adjustment of varistor VRi, the outputs of two op-amps (80), (90) 
represented by +Vi (positive driving voltage) and -Vi (negative driving voltage) are symmetric 
with reference to the central voltage. Similarly, as explained above, other symmetrically divided 
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voltage units generate symmetric sequentially decreased positive driving voltages (+V2 to +V N ) 
and sequentially increased negative driving voltages (-V 2 to -V N ). By adjusting the position of 
the drawing terminal of the varistor of each symmetrically divided voltage unit, all obtained 
positive driving voltages (+V 2 to +V N ) and negative driving voltages (-V 2 to -V N ) can be 
calibrated. Here, each pair of positive driving voltage and negative driving voltage is symmetric 
with reference to central voltage V com . In addition, even if the varistor is adjusted, a shift does 
not occur in central voltage V com . In addition, by increasing the number of symmetrically divided 
voltage units, the driving voltage of the gamma correction circuit can approach the gamma curve. 



[0021] 

Figure 9 is a schematic diagram illustrating a gamma correction circuit in Application 
Example 4 of the present invention. In the following, an explanation will be given regarding the 
connection configuration of this gamma correction circuit. 



[0022] 

Application Example 4 differs from Application Example 3 in that for each 
symmetrically divided voltage unit (100), the varistor is connected between the input terminal 
and voltage source V cc . In first symmetrically divided voltage unit (100), the input terminal is 
grounded. In Application Example 4, the output terminals of two amplifiers (110) and (120) 
represented by +Vi (positive driving voltage) and -Vi (negative driving voltage) are symmetric 
with reference to the central voltage V com . Similarly, other symmetrically divided voltage units 
generate symmetric sequentially increased positive driving voltages (+V 2 to +V N ) and 
sequentially decreased negative driving voltages (-V 2 to -Vn). In addition, the output of 
Application Example 4 differs from that of Application Example 3 in that, while the positive 
driving voltage of the symmetrically divided voltage unit in Application Example 3 is higher 
than that of the next-section symmetrically divided voltage unit, the positive driving voltage of 
the symmetrically divided voltage unit in Application Example 4 is lower than that of the 
next-section symmetrically divided voltage unit. 



[0023] 

As explained above, the present invention provides an adjustable bias gamma correcting 
circuit having a central symmetric voltage. According to the present invention, by providing 
varistors, transistors, or op-amps in the gamma correction circuit, it is possible to obtain plural 
positive and negative symmetrically divided voltages that change sequentially with reference to 
the central voltage. 
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[0024] 

As another effect of the present invention, the present invention provides an adjustable 
bias gamma correcting circuit having a central symmetric voltage. By means of the present 
invention, the gamma correction circuit can generate a maximum number of adjustable driving 
voltages using a minimum number of voltage sources. 

[0025] 

The present invention is not limited to the aforementioned application examples. The 
aforementioned application examples are only for explaining the present invention for 
understanding by specialists. Various variations are possible as long as the claims are observed. 
Consequently, the claims should be explained as covering the widest scope. 

Brief description of the figures 

Figure 1 is a diagram illustrating the relationship between the transmissivity of a liquid 
crystal and the applied driving voltage. 

Figure 2 is a diagram illustrating the linear relationship between the transmissivity of a 
liquid crystal and the code number. 

Figure 3 is a diagram illustrating the gamma curve of the transmissivity of a liquid crystal 
and the code number. 

Figure 4 is a schematic diagram illustrating a gamma correction circuit in the prior art 
having a fixed ratio of resistors. 

Figure 5 is a schematic diagram illustrating a gamma correction circuit in the prior art 
used in an AC driving system. 

Figure 6 is a schematic diagram illustrating Application Example 1 of a gamma 
correction circuit. 

Figure 7 is a schematic diagram illustrating Application Example 2 of a gamma 
correction circuit. 

Figure 8 is a schematic diagram illustrating Application Example 3 of a gamma 
correction circuit. 

Figure 9 is a schematic diagram illustrating Application Example 4 of a gamma 
correction circuit. 
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